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REMARKS/ARGUMENTS 
Claims 19 and 20 have been added. Claims 1-20 are pending. 

The Examiner provisionally rejected claims 1-1 8 under the judicially created doctrine of 
obviousness-type double patenting as being unpatentable over claims 1-17 of copending 
Application No. 10/3 1 8,612, A tenninal disclaimer is attached. 

The Ex amine r rejected cl aims 1-3 and 17 under 35 U.S.C. 102(b) as being anticipated by 
Motoda; Takashi et aL (US 5,496,408 A). Motoda; Takashi et al. does not disclose a master 
fixed orifice and a first slave leg fixed orifice. The Examiner cites the Webster's Collegiate 
Dictionary to broadly define orifice as an opening and then states that all piping has an orifice. 
The term "orifice* used in the phrase "fixed orifice" is a term of art used in fluid flow. The 
attached reference from a U.S. Government web site states that "An orifice as used as a 
measuring device is a well-defined, sharp-edged opening in a wall or bulkhead through which 
flow occurs, " To be used as a measuring device to precisely control flow, the opening size must 
be clearly defined and known, which is not true for just any opening in a pipe. Motoda does not 
disclose the use of such a fixed orifice. In addition, a section from the SAE AEROSPACE 
APPLIED THERMODYNAMICS MANUAL is submitted, which describes different head 
meters on page 402, section 4,1 . The orifice is defined as one head meter of 5 described head 
meters. The characteristics of the orifice are described and defined, For at least these reasons, 
claim 1 is not anticipated by Motoda; Takashi et al.. 

The Examiner rejected claims 4-7, 9, 10, 12, and 15 under 35 U.S.C. 103(a) as being 
■unpatentable over Motoda; Takashi et al and in further view of Shinozuka; Shyuhei et al. (US 
6,315,858). 

The Examiner rejected claims 8, 11, 13, 14, 17, and 18 under 35 U.S.C- 103(a) as being 
unpatentable over Motoda; Takashi et al and Shinozuka; Shyuhei et al. in view of Ohmi; 
Tadahiro et al. (US 5,313,982). 

Claim 18 recites that the fixed orifice is a flat plate fixed orifice. Page 29, lines 5-16, and 
FIG. 1 9 of the present application define and illustrate a flat plate fixed orifice as being a tube 
1904 with a fiat plate 1980 with a fixed aperture placed across the diameter of the tube to define 
the orifice area. The Examiner failed to point out anything in the cited references that teaches 
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this. The Examiner stated that Shinozuka teaches a flat plate fixed orifice (39, Figures 5, 6). 
Col. 7, lines 21-25, of Shinozuka states that device 39 is an iris device 39 (nozzle aperture 
varying device) that is that is operated by a motor. Therefore, such a device is not a fixed orifice. 
For at least these reasons claim 18 is not made obvious by Motoda; Takashi et al and Shinozuka; 
Shyuhei et al. in view of Ohmi; Tadahiro et ah (US 5,3 13,982). 

Dependent claims 2-17 are also patentably distinct from the cited references for at least 
the same reasons as those recited above for the independent claim, upon which they ultimately 
depend. These dependent claims recite additional limitations that further distinguish these 
dependent claims from the cited references. 

For example, claims 8 and 13-14 further recite a zone selection device connected to the 
master leg down stream from the master fixed orifice. The Examiner stated that the motivation 
for combining Motoda and Shinozuka and Ohmi is taught by Shinozuka T s "monoblock valves" 
(col. 9, lines 5-10). It would not be obvious to combine the teachings of Shinozuka with 
Motoda. Shinozuka is for a gas polishing system, see abstract. The Examiner failed to point out 
anything in the cited references that teaches that the monoblock for mi nimizi ng "dead zones" in 
Motada or Shinozuka would be desirable. 

In addition, claims 9-12 and 15 farther recite that the fixed orifices are fixed plate 
orifices. As discussed above, page 29, lines 5-16, and FIG. 19 of the present application define 
and illustrate a flat orifice as being a tube 1904 with a flat plate 1980 with a fixed aperture placed 
across the diameter of the tube to define the orifice area. The Examiner failed to point out 
anything in the cited references that teaches this. The Examiner stated that Shinozuka teaches a 
flat plate fixed orifice (39, Figures 5, 6). Col. 7, lines 21-25, of Shinozuka states that device 39 
is an iris device 39 (nozzle aperture varying device) that is that is operated by a motor. 
Therefore, such a device is not a fixed orifice. For at least these reasons the dependent claims 
are noL anticipated or made obvious by the cited references. 

New claims 19 and 20 are dependent on claims 18 and 1, respectively, and further recite a 
joining manifold for combining output from the first slave leg, the second slave leg, and the third 
slave leg connected between the first slave leg, the second slave leg, the third slave leg and a 
zone of the at least two zones of the process chamber. For at least this reason, new claims 19 and 
20 are not anticipated or made obvious by the cited art. 

Applicants believe that all pending claims are allowable and respectfully request a Notice 
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of Allowance for this application from the Examiner. Should the Examiner believe that a 
telephone conference would expedite the prosecution of this application, the undersigned can be 
reached at telephone number (650) 961-8300. 

Respectfully submitted, 

BEYER WEAVER & THOMAS, LLP 

j^V^ivoJ \,JL3 

Michael Lee 
Registration No. 31,846 

P.O. Box 70250 
Oakland, CA 94612-0250 
Telephone: (650) 961-8300 
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CHAPTER 9 - SUBMERGED ORIFICES 
1 . Definition and Classification of Orifices 

An orifice used as a measuring device is a well-defined, sharp-edged opening in a wall or bulkhead through 
which flow occurs. Orifices may be used to measure rates of flow -when the size and shape of the orifices and 
the heads acting upon them are known. For irrigation use, orifices are commonly circular or rectangular in 
shape and are generally placed in vertical surfaces, perpendicular to the direction of channel flow. 

A submerged orifice and the same orifice discharging freely have nearly the same coefficient of discharge. 
Submerging an orifice provides the capability to measure relatively large flows with a small drop in water 
surface, conserving delivery head compared with weirs. However, the submerged orifice requires head 
measurements upstream and downstream. The difference between the two heads is used in the orifice equation 
(equation 9-1). A free- flow measurement requires measurement of only one upstream head. 

Using an orifice as a water measuring device demands attention to dimensions and craftsmanship, and the j 
orifice must closely simulate conditions existing when it was calibrated. Equation coefficients depend on these 
details and can vary considerably, For full contraction, the orifice plate should be machined around the entire 
perimeter of the opening to a clean, straight, and sharp upstream edge and comer in the direction of the flow. 
Rounding of an upstream face corner can partially or fully suppress contraction. For example, 1 -percent 
rounding of the upstream face comer of the opening perimeter in terms of minimum orifice opening dimension 
causes about a 3 -percent increase of the contraction coefficient, A well-designed bellmouth will eliminate all 
contraction (Schuster, 1970). 

Orifices may be partially contracted in two senses. One is the amount of curvature of the jet in the direction of 
flow and the other in the amount of orifice opening perimeter which produces no curva-ture of the jet passing 
through the opening. The latter is called suppression. An example of a partially suppressed orifice is a sluice 
gate, where the approach boundary on the sides and bottom continues past the sharp edge of the gate leaf above. 
This arrangement eliminates the jet contraction along part of the orifice opening perimeter, increasing the 
effective coefficient of discharge. 

Coefficients axe used in equations to account for: neglecting the approach velocity head, the approach velocity 
distribution the decrease of jet velocity caused by friction, and the amount of jet contraction caused by the flow 
curving around the corner of the orifice perimeter. 

The proximity of the upstream water surface to the top of the orifice opening affects the amount of contraction. 
For fiill contraction, the water surface upstream from the orifice must always be well above the top of the 
opening. Similar to weirs, if the bottom or the side walls of the approach channel are too close to the orifice 
edges, then the sides and bottom of the orifice jet are not fully contracted. If the upstream water surface drops 
below the top of the opening, the opening, in effect, becomes a weir. 
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compilation of fluid meter data. As 
nearly as possible, the nomenclature of 
this section, is consistent with that work. 

4.1 CHARACTERISTICS OF THE HEAD 
METERS / 

4. LI $£hfctti>n of the Proper Head 
Me^r^Each of the principle head 
meters have particular attributes that 
influence their suitability for a particu- 
lar application. 

Advantages: 

(1) Orifice— Most versatile, least ex- 
pensive, and probably the most accu- 
rate of the heat meters for general lab- 
oratory application; unsuitable for 
dirty fluid or slurries; fairly high un- 
recoverable pressure loss. 

(2) Nozzle — More accurate than an 
orifice for supercritical pressure ratios; 
handles dirty fluids and slurries better 
than an orifice; more expensive than an 
orifice to machine; unrecoverable pres- 
sure loss about the same as an orifice.' 

(3) Venturi Tube — Characteristics 
similar to a nozzle except for the very 
low pressure loss, making it particu- 
larly suitable for applications where 
savings in pumping power are impor- 
tant 

(4) Pitot-Static Tube— Offers neg- 
ligible line restriction; possible to trav- 
erse where skewed velocity profile 
might invalidate another type of head 
meter, but traversing cumbersome and 
time consuming; cannot bo used where 
velocity pressure is low. 

(5) System Line Loss— A test tech- 
nique for flow measurement without in- 
troducing meter disturbance; limited 
accuracy; requires calibration; calibra- 
tion may be very sensitive to variable 
upstream system geometry, for ex- 
ample, valve position. 

Disadvantages: All head meters have 
Several basic disadvantages, which for a 
particular application may encourage 
the use of one of the other meter types 
discussed later. These disadvantages 
are: 

(1) Limited flow range for a givcu 
metering arrangement. For example, 
an orifice plate producing a 30 in. H?0 
differential on a U-tube manometer at 
full flow can be utilized only down to 20 
to 30% of full flow with reasonable 
accuracy , 

(2) The usual application requires a 
flow computation, making the setting 
of a desired flow more difficult than 
with a direct indicating meter. Total- 
ing varying flows over a time interval is 
difficult. 
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(3) Behavior of head meters with 
pulsating flow is uncertain and the sub- 
ject of continuing research (Ref. 25). 

4.1.2 Basic Equation — The equa- 
tions used for computing flow through 
nozzles, venturi tubes, and orifices 
usually are simplified forms of the basic 
nozzle equation, with empirical coef- 
ficients and corrections as required. 
Intelligent use of» these simplified forms 
requires an examination of this equa- 
tion, which can be derived from the 
general energy equation, the adiabatic 
relationship, and the continuity equa- 
tion. For fluid meter applications the 
equation is usually arranged as 

r 

W => 



Ly _ i (i - /?V/*r)(i - r) J 

(6) 

•Ai V2g(p$h{P x - P%) (3G-10) 

(C) <P) 

where the labeled expressions: 

(A) = Flow coeflicicnt K corrected for 

velocity of approach, dimen- 
sionlcss 

(B) - Adiabatic expansion term Y a ? 

dimensxonless 

(C) - Nozzle area, ft 2 

(D) = Flow velocity term, Qhjsv^lti 1 




THROAT 

Area (a 2 ) 



It will be noted that the flow velocity 
term is incompressible in form and con- 
tains the upstream density, which is 
more readily measurable. Actually, the 
weight flow is proportional to the prod- 
uct of the throat velocity and the throat 
density. Thus the Y Q term may be 
thought of as a correction factor ap- 



plied to ihe incompressible flow veloc- 
ity term to account for these effects. 
It also follows that for incompressible 
fluids, F„ = 1. The discharge coef- 
ficient C results from the fact that in a 
real fluid the boundary layer buildup 
along the nozzle walls prevents full uti- 
lization of the entire throat area at the 
predicted velocity. 

For an orifice, the point of minimum 
flow area occurs downstream at the 
venacontracta. Because the vena con- 
tracta diameter and area ratio are in- 
determinate, the actual orifice dimen- 
sions arc used and the flow coefficient 
K and expansion term (designated Y\ 
for orifices) are empirical. 

4. 1 .2. 1 Specific Forms of the B asic 
Equation — Assignment of units, as in- 
dicated in Table 3G-9, to the basic flow 
equation 

» - KYA t V2g-to>)iOPi - ^2) 

(3G-U) 

results in the equations of Tabic 3G-9, 
where gp is always in lb/ ft 3 . 

4.1.3 Corrections Common to AU 
Head Meters— While the individual 
types of meters have characteristics that 
will be treated in detail in later sub- 
sections, there are certain corrections 
basic to all head meters. 

4.1.3.1 Thermal Expansion— The 
area A 2 used in Eq. 3G-10 must be the 
true area at operating conditions. Since 
the diameter of the element is usually 
measured at room temperature, a cor- 
rection factor should be applied to de- 
termine the area at elevated tempera- 
tures. From Fig. 3G-25, 

4.1.3.2 Density Corrections for 
Compressibility and Humidity— The 
perfect gas law, commonly used to 
compute density, adequately describes 
real gas behavior only in a limited 
region. For example, with air at pres- 
sures from 0 10 200 psia and tempera- 



Table 3G-9 Fomis of Bqyc Equation 



Equotion 



w « $.022*va 2 V {gp)\(Py - P2) 
w = 9626 KYA 2 Vjgph(t>y - P*) 
w s 40.1 1 KYA Z V telMPi - Pa) 
w - 28,06KVA 2 V(gp)i(Pi - P 2 ) 
w -> 7.6\7KYA, V^pM*! - Pi) 
w - 5.982 JCYd 2 V(g/>),'(P, - P 2 ) 



Units 


W 


P 


Ib/fiftC 




lb/sec 


P si 


lb/mi n 


P si 


Ib/min 


in. Hg ■ 


Ib/flfrin 


1.I.H2O* 


fb/min 


in.H 2 0* 



AW 



in. 
in. 
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tures above 60 F, the perfect gas law 
is within 0.5%. Deviations from perfect 
gas behavior can be accounted for by 
using the compressibility factor Z, such 
that 



fig 



(3G-12) 



For air, the trend in variation of Z is 
shown in Fig. 3G*26. Compressibility 
factors for the common gases can be 
found in Refs. 26 and 27. In some ap- 
plications a choice of meter locations 
will permit elimination of this cor- 
relation. 

Where the gas being metered con- 
tains water vapor, a correction is neces- 
sary to the density, computed on a dry 
gas basis. The corrected wet gas density 
may be obtained as follows: 
•j 

(j>g) wet fits ■ 0>?)<lrygat 

F — 1 (30-13) 

[l + (Af,«/18.01)J V ; 

and for air, 



r i±Jt i 

[l + L608«J 



(3G-14) 

Humidity effects on other term? in the 
flow equation are generally negligible 
(Ref. 3). 

4.U4 Proper Meter Installation— 
The head meters are seriously in- 
fluenced by disturbing upstream and 
downstream conditions- While data 
exists (Ref. 28) for the requisite 
straight lengths preceding and follow- 
ing the meter for various kinds of dis- 
turbances, the conservative rules in 
Table 3G-10, with reference to the il- 
lustration (parts a and b), should be 
adequate. 



For all P ratios above 0.70 and for 
$ ratios above 0-4, when preceded by 
bends in different planes, it becomes 
desirable to use a flow straightener. In 
fact any general purpose laboratory 
metering section should be so equipped. 
Two accepted designs for flow straight- 
eners are shown in the next illustration. 




(a) 



TUBE d< 1/4D 



(b) 




ROD SPACERS' 



Although it introduces a higher pres- 
sure loss (about 10 times the duct vcloo-, 
ity pressure), the perforated plate 
straightener has been shown to be 
superior to either the packed tube or 
the egg crate type of flow straightener 
(Ref. 29). The straightener should be 
installed 10 dia upstream of the meter 
and should be preceded by an addi- 
tional 2 dia of straight pipe. 



1.03 

. 1.02 
g 

5 i.oi 
2 

12 LOO 
tic 



.99 



42 THE FLOW NOZZLE 

4.2.1 Nozzle Geometry and Dis- 
charge Coefficients — The three most 
common nozzle designs arc illustrated 
in Fig. 3G-27. The ASME nozzles 
usually are used with pipe-wall taps. 
The ISA nozzk with corner taps is used 
extensively in Europe. The ASME 
nozzles with pipe-wall taps are prefer- 
able, since an upstream corner tap 
tends to pick up some impact pressure, 
whereas the expansion factor Y a is 
based on static pressures. 

The ASME long radius nozzle dis- 
charge coefficients have been verified 
by a great number of experiments (Fig. 
3G-28). Also, a reasonably accurate 
theoretical development of the dis- 
charge coefficient for this type of nozzle 
has been made using boundary layer 
theory (Ref. 30). 

4.2.2 Calculation Procedure — Be- 
cause the discharge coefficient is a funo- 

I tioo of Reynolds number, and thus of - 
the flow, a small amount of iteration is 
involved in the computation. Using 
Eq. 3G-10, 



W~ Y Q AzV2g^fiHPi-P2) 

(3G-15) 



302 OR 347 STAINLESS. 
MONEL. 




CARBON STEEU 
410 OR 430 STAINLESS 



O 200 400 600 800 tOOO 1200 1400 1600 
ELEMENT TEMPERATURE, T & F 



Pig. 3G-25 — Correc- 
tion factor for expan- 
sion of ' metering ele- 
ment 



SSI 



^- UPSTREAVI PITTING 
/ DISTURBANCE 



METER 



-DOWN STREAM 
^DIST URBANCE 



Table 3G-1 0 Disturbances Affecting Meter Installation 




Minimum Straight 


Disturbance Type 


lengths, dia 




(a) (b) 


All types (except two or more upstream bends in 
different planes): 

0 = 0,60-0,70 
For Upstream Bend* rn Different Plane* 
ff » 0.10-O.4 


10 3 
18 4 

18 3 
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proceed as follows: 

(1) First mike a reasonable guess at 
the nozzle flow and compute the Reyn- 
olds number from 
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AS 



w(z>) 

(3G-16) 



For air, use Fig. 3G-29 as an aid. Ob- 
tain C from Fig. 



(2) Compute the density from the 
upstream static pressure and tempera- 
ture. For some liquids it may be desir- 
able to make an experimental density 
determination with a hydrometer or 
other suitable instrument. Make 
humidity aod compressibility cor- 
rections. 

(3) If flow is compressible, using the 
0 ratio and the nozzle pressures, de- 
termine Y< from Fig. 3G-30 (y = 1.4) 



( l - W/fr)«p(7 - ]M\ 

A 1 - Cft/w J 

Curves for other specific heat ratios 




20OO 3000 
PRESSURE, PSIA 



4000 



5000 



Kg. 3G-26— Compressfeility factor for diy air. Based on dote from 
Ref.27 




IO0O 



Fig, Discharge coefficient* of ASME Ions rodiu* 

nozzles With pipe wall tap 



ASME LONG RADIUS 
LOW £ SERIES (£<0.5> 



ASME LONG RADIUS 
HIGH 0 SERIES C£>0.25) 



ISA FLOW NOZZLE 



r ^ TANGENT TO 
3 THROAT 




TAPS; 10 UPSTREAM \ FROM TAPS: ID UPSTREAM i u?lCT 

1-^0 DOWNSTREAM j [^c| "T D DOWNSTREAM J FACE 

r, = d IN . = t 2 5 0.15 D f, s^-D -5- IN. = t e ~ 0-15 D 



TAPS: CORNER LESS 
THAN 0.02 0 
PROM FACES 

t 2 = 0.1 0 



r 2=T d L t - 0.6 d r,=^r(D-d) 

y IN. = t = y IN. 



2 2 

L t = 0.6d OR L^jCl 
Zts D - (a + ~ *N.) 



Bg. 2G-27 — Geometry of tnree common metering nozzles 
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axe available in Ref. 1 . Also see Fig. 
3G-31, where for flange taps, plotted 
for t - I A. v 

Y v = (0.41 - 0.35/3 4 )- 



Pi - ?2 



(4) Substituting in Eq. 3G-1S, com- 
pute the flow. Recalculate the Reyn- 
olds number and obtain an improved 



value for the discharge coefficient. Im- 
prove the flow by the ratio of the new 
discharge coefficient to the original. 
Even when striving for high accuracy it 
is usually not necessary to repeat ihis 
process more than once. 

Since C does not vary more than a 
few percent in the working range* in 
some cases it may be permissible to use 




2 4 6 8 1 Z 
1.0 10 
JW_ FUQW, L9/MIN 
D ' DUCT DIA, IN 



Fig. 3G-29— Reynolds number at o function of flow per inch of duet diometor for otr 
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a Single value for C and neglect the 
Reynolds number effects. However, it 
is wise to examine carefully the impact 
of all terms in Eq. 3G-15, in view of 
each specific application* before decid- 
ing that any can be assumed constant. 

4.2.3 The Choked Nozzle— As the 
Mach number in the nozzle throat ap- 
proaches I, Eq. 3G-10 tends to conceal 
the important variables, since it is pur- 
posely formulated as an incompressible 
flow equation with corrections for com- 
pressible flow. The equation may be 
rearranged as 

wVfy = 

(3G-17) 

As the velocity at the throat ap- 
proaches the acoustic velocity, the ratio 
of the throat static pressure to upstream 
static pressure becomes constant at a 
value of 0.52$ for air, or greater, de- 
pending on the diameter ratio p. Be- 
yond this point the throat pressure and 
the downstream pressure begin to di- 
verge, but the flow is still governed by 
the fixed upstream-to-throat pressure 
ratio. Fig. 3G-32 depicts this behavior 
for nozzles and ventnries. Fig. 3G-33 • 
plots the data for orifices. 

4.3 venturi tuwes 
4.3.1 Venturi Tube Design and Dis- 
charge Coefficients— The classical 



j. oo 



y° .90 




Fig. 3G-30— Expansion factor for nozzles and venturi tubas 




Fig. 3G-31— Expansion factor for sharp edged orifices 
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venturi design is widely used, although 
there are a number of variants (Fig. 
3G-34). Perhaps the most interesting 
of these is the Dall tube, a highly 
individualistic form of the venturi with 
truncated approach and discharge sec- 
tions (Rcf. 31). The DaU tube has, for 
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reasons yet unexplained, the Lowest un- 
recoverable pressure loss of any of the 
acceleration type head meters. 

The discharge coefficients of venturi 
tubes are governed by the same bound- 
ary layer phenomena as the flow nozzle, 
although the approach sections may 



CRITICAL PRESS 
RATJO 




Fig. 3G-32 — Row factors for nozzles and Venturis. W =» lb/sec, 
A* = noxrie or venturi throot areo, in. 2 - For air from Eq. 3G-17, 
7= M 



= Rr P\ - PSTO, 

= 0-9&5, 



not be similar. Discharge coefficients 
for the classical venturi tube are given 
in Fig. 3G-35. 

4.3,2 Venturi Tube Flow Computet- 
Ron— The flow through a venturi tube 
is computed in the same manner as for 
a nozzle (Far, 4.2.2). Only the di> 
charge coefficient is different for the 
two classes of devices. Computations 
for the choked venturi tube arc also the 
same as for the nozzle (Fig. 30-32). 

4.4 ORIFICE MBTBfcS 

4.4.1 Orifice Meter Geometry and 
Flow Coefficients — A typical sharp 
edge orifice meter installation is shown 
in Fig. 3G-36, A number of different 
kinds of taps are in common usage, as 
indicated in Table 3G-11, with refer- 
ence to the illustration. Flange taps 
are probably the most widely used. 
Flow coefficients, for flange taps are 
given in Table 3G-U . 





Fig. 3G-33— Flow fodw *«r orifices. W « lb/*ee, h = K (total), Pi - static pres- 
sure (D, upstream/ psiaj. Pi - earner tap, s tatic downstream , p*W, A* « orifice area. 
For air based on WvT/^i^ * (K VS^/K^WI - Wi> where K is taken for a 
4 in. meter at N* - 10(fromTable3G-l)andyfromToble3G-2as7 - 1-4 




Fig. 3G*34 — Geometry of Herschel type vanturi tubes (annual piezometer rings to have 
at least four hoitt). o - 0.250-0.75O for 4 < D < 6 in. - 0.25D-0,50D for 6 < 
D<32irw,b = d, e = d/2, n - 0-1.3750, r Q » 3.54-3,754 «i - 21 * 2 dog, 
& 2 - 5-15 dea 



Often where some sacrifice in ac- 
curacy is permissible, an inlet or outlet 
orifice may be convenient (Ref. 32). 
For an inlet orifice IFig. 3G-37(a)] the 
now coefficient K is 0.601 -for all 0 
ratios (0.20:1.0). Tap location should 
be 0.42? downstream of the plate for 
0 < 0.6. For higher 0 ratios the tap 
should be (0.S0 - O.6O0)Z> down- 
stream of the plaice. A good figure for 
the tolerance of such a device is not 
known, but it is probably 0.5-1.0%. 
For the outlet orifice [Fig. 3037(b)] 
with a tap I in. upstream of the orifice 
face, flange tap data may be used with 
reasonable accuracy (=t=0-5% tolerance). 

4.4.2 Orifice Flow Compulation— 
Recalling That the basic head meter 
equation for an orifice is written as 

w = KYiAzVTgigpytiFx 



(3G-18) 



Table 1 Kinds of Taps 



Taps 


A 


A 


Flange 


1 in. 


1 in. 


Corner 


0 


0 


Vena Contra eta 


1 dia 


At vena 






controda 


Radius 


1 dia 




Pipe 


8 dia 


2fe dia 
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TEMPERATURE PROBE - 
FOR £=0.7 OR 0.8 AND HIGH FLOW 
RATES LOCATE TOTAL TEMPERATURE 
PROBE UPSTREAM OF PLATE 



5D 



BOSS (TYP) 
1/6 IN. PIPE TAP 
DRILL THROUGH 
0.032 IN. OIA, 

zazzzzza 



HOLE FREE 
OF BURRS 




BOLT CIRCLE 
TO ASSURE 
CONCENTRICITY 
WITHIN 0.03 D 



GASKET MATERIAL - 
ALLOW FOR IN 
LOCATING TAPS 



EDGE SHARP AND FREE 
FROM BURRS-UGHT 
SHOULD NOT BE 
REFLECTED FROM 
UPSTREAM EDGE 



SMOOTH MACHINED 
UPSTREAM FACE 
FLAT WITHIN 
O.OI IN. OF DIA 




stamp edge to show 
flow direction and 
diameter (av<3. of 4 
diametral measure- 
ments 45 deg apart) 



ADDITIONAL RECOMMENDATIONS 

1 . plot* Material: Preferably corrosion resistant steel. 

2. Small vent or drain hole* should be provided near plot* when 
■ measuring liquids containing small amowrtt* 0+ vapor, or vice 

versa. 

3. Plate thickness {U ): Recommendation (Re*. 28): 



PipeD, in. 



Temp 600 F 



t, , in. 



Temp 600 F 



t WHERE 0.0 1 D 
<t< 0.02 D 



Up to 3 

4-6 

7-8 

10 and over 



3/32 A 1/32 
5/32 =fc 1/32 
1/4 db 1/16 
3/8 i 1/5 



1/4 

3/8 
1/2 

1/2-3/4 



IF PLATE THICKNESS 
GREATER THAN 3/16 IN., 
TURN DOWN RIM SO THAT 
UPSTREAM FACE NOT MORE 
THAN IN. FROM 

DOWNSTREAM TAP 



Hg, 3G-36 — A general purpose orifice meter section with details 
of orifice plate construction 



Fig. 3G-35— Discharge coefficients for Herschel 
type venturi tubes. (For fi from 0.25 to 0.75 in 
pipes 2 in. or larger. Dotted lines indicate toler- 
ance limits) 




S 10* 
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F19. 3G-37 — Orifice locations, (a) An ifl l«t 
orifice; (b) Cm outlet orifice 



the computational procedure is es- 
sentially the same as for a nozzle. With 
the basic test data A 2, T u Pu ^2), 
1gp) may be calculated and corrected 
if necessary, Y\ found from Fig. 3G-31, 
and the Reynolds number estimated 
from Fig. 3G-29 or Eq. 3G-16. Enter- 
ing Table 3G-12 with 0 and the esti- 
mated Reynolds number, K is found. 



Solving Eq. 3G-18 for correcting K, 
and subsequently by one or two iter- 
ations completes the calculation. 
Where many repetitive runs are being 
made* the meter user will probably find 
techniques for simplifying the calcula- 
tions. For example, where P\ and Tj 
do not vary appreciably during the 
tests, plotting K Y\A 2 v^as a function 



TablaSG-12 Flange 

(Values of th« Row Coefficient K, Velocity of Approach Factor Included, 03 o Function 
For 1 % in. Pipe 




0£M? 
.COM 

frYtf 


G60JB 
£012 

m 


06037 
4009 

im 


O.Sfcfi 
MM 
5994 

59* 


£007 
1972 
SVH 


040J5 
£3&S 
J 991 

sm 


4017 
£o?o 


4012 

£us 


4acs 


jem 

.6050 


sm 

40 16 


i§S 


4130 

£210 


4IM 


£130 
£1B4 


£104 

4l7J 


4l6* 


^09S 
4167 


4337 
£456 


a 


4Z21 
4407 


£2® 
4291 


4259 
£278 


IS 


4639 
47» 

£sn 

.7019 


m? 

4375 
£846 


4572 
£634 
-57F7 
49U 


4551 
Mil 

mi 


£JU 
£629. 
472+ 


4*K 

-Mia 


.7177 


-7l3J 


.705* 


.71*19 


mi 


£9*1 



For 2 in. Pipa 



2JD00 ( 3,030 I 4J0TJO | SJ00 | 0,000 ( S^OO | jTsjttO [ fluOOO | 30,000 | 50,000 | 200400 | 500,000 | 




0£D6J 0406S (WOW OfiDJfi o£wj o40rt 

4CS2 40« jfima £oz9 4MJ 40W 

4104 4» £MS 4024 40J9 

4077 
4125 




a40*J 


(WOK 


04025 


M% 
.5976 




£913 


,5974. 


197* 


J9&2 


-5779 


49» 


4007 


£005 


£004 


£049 


£MJ 


£041 


Am 


£07$ 


4«J 


£169 


6161 


£1410 


£261 


£250 


4*49 


ja&k 


42C9 




£541 


4221 


4Jia 


£tta 


£41+ 

£718 


£611 
£715 


£936 


4*32 


.7006 


£%3 


4«J 



For 3 in. Pipe 





l.ODO 


2,000 


3*0 


4.000 






[ a,ooo 




15,000 






40,0» 


50,000 


IWW 1 500,000 


1 to- 


woo 

.150 


OH20 
£186 


0*054 

£M9 


fl£032 
£DJ0 


0£DZ1 
£010 


D£D14 
MX) 


(LOOM 
J99J 


0,6004 
SOti 


0X001 

£975 


CL59W 
.S*7 


0J99* 
J3M 


04992 

£961 


£959 


0,3 990 
£958 


OJ98? ojaaa 

J95S J9JJ 


a S5 



J50 



£00 
J50 

£00 
£2< 
£5fl 
^7$ 
.700 



« w SS $8 §1 

ilg HB 

.73)5 .7KI .?W6 

t 7iJt .JJ7J J1U 

,7843 ,7613 -74J9 

JB1S0 -7M1 -7703 

.8tf5 £IB6 -7977 




For A In. Pipe 



I 40JD0Q | SO AX) I IQCJCQ |X0,QC0 [ JO* " 





woo 1 yx» 


3 POO | 


4JD00 


spoo 


€j000 


ffVQOO 


1OJM0 


1JJD00 


| 20^00 | 






_fl£iifl_ asms 
£3Tr| ^oso 


o£oia 

£017 


Qj9% 
£009 


OJSBfl 
J995 


QS9M 


OJ97I 
J976 


QJ971 
SK6 


0J967 


0£9G4 
£9SI 


0.5961 
£947 






.60fi* | 






Mir 








iR 




M 


£U4 


■M- 














.300 
JfO 




£100 


£W 
£Z* 




£163 








40M 

£076 


tt 


.400 
.4J0 




£429 


£34} 
jJW 


£251 
441 1 


£2S7 
j6JS4 


£214 
.6324 


£118 
42(9 




_ £HS 
1 £219 




Jtt 

JiO 






j6791 


£&n 

£SSJ 


£5fi* 
£79] 


.64JU 
£692 


£4» 
.6£2J 


43£4 

£535 


4310 | 
£484 [ 


4»< 
_£43j_ 


£00 
.62S 

«S7S 








iS 

,779a 


£8 

JW 


m 

.7978 
7*17 


4891 
.7054 
,72JB 

^♦ir 


^ 

^0S4 
.TOT 


£i>£A 
J\3Q 


£623 
473? 
4«4 

zm 


.300 
.7f0 








£434 


.9197 
.SJSl 
£999 


mi 

£JS7 


^295 


.77M 


.7301 

jm 

J774 


.7172 
.7)62 
.7600 



OSS50 
£944 

i9tt 

4015 
.6047 
£11 



059i9 0JDJB 

J9+3 £941 



59SB 
4015 



£955 
J97? 



401J 



42«I 
4413 
590 



J109 
.77M 
.7511 



£271 
4400 
4569 
£674 
4390 
£739 

.7071 £994 £912 
J3S3 .7167 J031 
J461 J3J6 JJ7I 



£751 
42 fi 
4520 
£626 
472$ 
£957 



£951 
£975 
£003 
4039 
40fi* 
£150 
£235 
43S0 
4458 
£583 
4690 
££0* 



OJ9S6 



4002 
403B 

UK 

£213 
4347 
4494 
£534 
£684 
£797 

£725 
.7073 
.720 



Note: AH velvet given below fhfc heavily stepped tine ore extrapolations 
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of meter will eliminate the iteration. 

4 .4 J Flaw Computation for Orifices 
with Supercritical Pressure Ratios— 
Unlike the choked nozzle, the orifice 
"throat area" at the vena contract* is 
unbounded. This section tends to ex- 
pand at supercritical pressure ratios 
and the flow continues to increase with 
decreasing pressure ratio r. Flow 



computations for the orifice in this 
regime may be made from Fig. 3G-33. 
There is evidence (Ref, 34) that thick 
plate orifices, those considerably 
thicker than the permissible ASME 
dimensions of Fig. 3G-36, will behave 
more like a nozzle, though with a some- 
what lower discharge coefficient, 
4.5 tolerances— The tolerance, 



or "limit of reliance/ 3 has been defined 
(Ref. 25) for fluid meter work as equal 
to twice the standard deviation of the 
experimental observations on which the 
coefficient values are based. The toler- 
ances for the flange tap orifice flow co- 
efficients are given in Table 3G-13. 

For nozzles, the tolerances for the 
discharge coefficients (Fig. 3G-28). 



Tops 

of the Pipe Reynolds Number Na. a#ld Diometer Ratio 0). 

For 6 in. Pipe 



-E7 



059» 050*2 

4W4 4W £9*2 -ww 

£008 -S990 SMI 

S O Jtoa 4010 ,eoa> 

4T00 I 4055 _, ^" 
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